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Abstract
National WeatherService (NWS) observationswere corn-

pared to Florida HighwayPatrol accidentsitevisibility reports
to producea Low Visibility OccurrenceRisk Index (LVORI).
WhenLVORI is comparedwith NWS visibility observations,
significant differencesarefound. Thesedifferencesappearto
be related to two typesoffog. advectionand radiation. The
datasuggestthat localizedradiationfogsposegreaterhazards
than widespreadadvectionfogs. Apparently,drivers are able
to adjustwhenfogis widespread,but are lesssuccessfulwhen
very low visibility is suddenlyencountered.

1. Introduction
Fog and smoke reduce visibility, and low visibility often

results in potentially hazardousdriving conditions.On our
nation’s highways,fog andsmoke may causeor significantly
contributeto multi-vehicle accidentswherelives andproperty
may be lost. For example,on 17 December1984, oneperson
waskilled and two were injured in multiple accidentsbetween
2130and2155 LSTon GeorgiaHighway 96 in TwiggsCounty.
According to the newspaperaccount(Warner RobinsSun
1984), a forest burn had causedsmoketo accumulateon 5 mi
of the highway andin the fatal accidenta car ran into a truck
that hadhaltedfor anearlieraccident.NationalWeatherService
reportsfrom Macon,Georgia(about 15 mi WNW of the acci-
dent sites) indicated light winds and high humidity (3 knots
and90% at 2200 LST). In fact, averagescalerwindspeedsfor
the 17th and 18th of December1984 wereexceptionallylow
(2.3 and2.5 mph).

Smokefrom forestor agriculturalburningis a prolific source
of cloud condensationnuclei (Eaganet al. 1974).This sm6ke
has the potential for inadvertentweathermodification (Radke
et al. 1978; Rogerset al. 1991) includingseverereductionsin
visibility, especiallyunderadverseweatherregimes(Paterson
1973; Ward et al. 1979). Prescribedfire, an important land
managementtool in the southeasternUnited States,may con-
tribute to roadwayvisibility hazards.To reducethe risk of these
hazards,landmanagersusepublic weatherforecastsas a prime
source of weatherinformation for many prescribedburning
operations.

To managesmoke,landmanagersprefer12- to 24-hforecasts
of weatherparameterscritical to burning operations.Unfortu-
nately, forecasting low visibility eventson this time scaleis
less accuratethan forecastingothercritical parameters,suchas
wind speedand relative humidity. Lavdas(1974) found that
necessarycriteria (relativehumidity at least95%,surfacepres-
sure gradientof 4 mb/S0 lat. or less, and a synopticpattern
meetingone of II established“types” peculiarto the region)
for visibility underI mile could be establishedin coastalGeor-

gia with roughly90% accuracy.Nearly all low visibility occur-
renceswere associatedwith thethreecriteria beingmet. How-
ever,as sufficiencycriteria, thesestipulationswereonly about
50% accurate.Low visibility occurredon only about half the
occasionsthat all criteria weremet.

Furthermore,an examinationof public weatherforecasts
from 1985to 1991 forMacon,Georgiarevealedthat low visibil-
ity situationscausedrevisedforecasts.Low visibility occurred
moreoften than it was forecast,and,exceptwhenpersistently
stagnantconditionsexisted,forecastinglow visibility beyond
thefirst periodwasrare.Thisstudyalsorevealedthat windspeed
wasroutinely forecastthroughthe secondperiodand through
those third periodsthat occurredduring daylight hours.

The needfor smoke-safetymeasurescoupledwith the diffi-
culty of accuratelyforecastinglow visibility eventsprovided
the impetusto developmeasuresof fog-relatedlow visibility
occurrencebasedon a risk-orientedanalysis.Becausethe mea-
sureswould be appliedspecificallyto mitigating roadwayhaz-
ardsfrom fog or smoke,traffic accidentdatain the contextof
availableweatherdatawereexamined.

2. Developing a Low Visibility Occurrence Risk

Index (LVORI)

a. Accidentrecordsand weatherdata

Florida Highway Patrol roadwayaccidentrecordsfrom the
late 1970sand early 1980sincludeaccident-siteweatherand
visibility data.Completerecordsfrom 1979 to 1981 were sup-
plied to the USDA Forest Service for analysis.Fog and/or
smokewasthe primarycauseof only 28 of more than 400,000
accidents—atiny proportion overall and too small a number
for reliablestatisticalanalysis.However, over 3,000 accident
reports mentionedthe presenceof fog and/orsmoke, a large
enoughnumberto yield robuststatisticswhenproportionality
testingtechniquesare applied.

Becausethe accidentreportswere madeby law enforcement
officials not trainedas weatherobservers,thereportsmaycon-
tain some bias. For example, some officials might report a
visual obstructionunderconditionsthat would be discounted
by others.However,becausea large numberof reportswere
analyzed,individual differenceshave averagedout, resulting
in a substantiallyunbiaseddataset.

Accidentreportswerecheckedfor timeconsistencyandthose
that had recordedthetimeof accidentdiscoveryratherthan the
time of accidentoccurrencewerediscarded.National Weather
Service surfaceand upper air observationssurroundingthe
accidentsite wereusedto estimatethe weatherfor the county
wherethe accidentoccurred.Weatherdatafor theclosestavail-
ablehour wereused to constructthe estimate.
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Weighting factorsfor surfaceandupperair observingloca-
tions were assignedto eachFloridacounty by usingtheBarnes
(1964)interpolationprocedureto establishpreliminaryfactors.
Thesewere subjectivelyadjusted to achieve the geographic
balance(north vs. south,eastvs. west, land/seainfluence)
appropriatefor eachcounty.

Accident reportsmentioningfog and/orsmokewere statisti-
cally comparedto a numberof weatherparameters,including
windspeed,cloud cover, moisture,and dispersion.The most
significantrelationshipswerefoundfor relativehumidity (RH)
anda derivedmeteorologicalparameter,the DispersionIndex
(Dl) (Lavdas 1986).

b. DispersionIndex (Dl)

DispersionIndex is a measureof theatmosphere’sability to
ventilatesmokefrom areasof prescribedburningactivity. The
Dl may be characterizedas the inverseof predictedground
level smoke concentrationas estimatedby Gaussianplume
modeling assumingdispersion coefficientsfor opencountry
accordingto Pasquill (1974). The concentrationis estimated
for a location immediately downwind of a hypothetical 50-
by 50-km areasource of smoke.This source has a vertical
distributionthat simulateslow intensityprescribedfires (SFFL
1976;Lavdas1978).DispersionIndexis expressedasapositive
number:the higher the DI, themoreeffectivetheatmospheric
dispersion.A doubling of DI implies a doubling of effective
dispersion.An interpretationof DI valuesis presentedin
Table 1.

c. LVORI risk categories

For statisticalanalysis,the numbersof fog and/or smoke
‘mentions” in the Florida Highway Patrol accidentreports,

thetotal numberof accidents,and theproportionatefrequency
of fog and/orsmoke mentionswere tabulatedwith respectto
RH andDI. Examplesof themost fog andsmokepronecondi-
tions (for RH > 97% andDI K 7) are shown in Table2. The
proportionof fog and/or smoke mentionswith respectto the
full range of RH and Dl is presentedin Fig. 1. The figure
clearly shows a tendencyfor the proportionsto increasewith
increasingRH and to decreasewith increasingDI. Thepropor-
tions reacha peak,about0.15, whenRH > 97% andDI = 1
or2. ForRH values<70%andDI values> 40, the proportions
are about0.001,orabout1/150of peakproportion.Theoverall
averageproportionfor all RH andDI values is about0.0075
or about 1/20 of the peak. Overall responseof proportion is
fairly uniform with minor statisticalirregularities.Proportions
of fog and/orsmokementionsaredefinitelyhigherfor DI values
~ 12 than for higherDIs andincreaseas DI decreasesfurther.
Similarly. proportionsare definitely higheras RH increasesto
the 75—79%range,andcontinueto increaseas RH continues
to increase.

Proportionalitytestswereconductedon the full data set to
createstatisticallydistinct categories.The statisticalprocedure
used (Walpole 1974) consistsof confidenceinterval testing
for the differenceof two binomial parametersP1 and P2. The
equationis

*

(p1 —p ,)—Z ~ + P2~J2<P—P2 <(p —P2)

+

wherep and P2 are proportionof successes(proportionof fog
and/orsmoke mentionsby RH and DI categories)in random

Dispersion Index Interpretation (Laydas 1986)
Conditions
May indirectly indicate
hazardous burning conditions;
check fire weather

Table 1.
Dl value
> 100

61—100 Good

41—60 Fair to Good

“Good burning weather”
conditions are typically in this
range
Climatological afternoon values
in most inland forested areas of
the U.S. are in this range
Stagnation may be indicated if
accompanied by persistent low
windspeeds

13—20 Poor to Fair Stagnation if persistent, but
better than average for a night
value

21—40 Fair

7-12
1—6

Poor

Very Poor

Stagnant at day, but near or
average at night
Very frequent at night, occurs
on a majority of nights in many
locations

samplesof size n1 and n2 (thetotal numberof accidentsby RH
and DI categories);q1 = i—pt; q2 = ‘—p2; n, and n2 must
be = 30; andZ denotesthe standardnormal curve valuefor
the statisticalconfidenceinterval desired. Forexample,Z =

1.96 would be usedfor 5% confidencetesting,because5.0%
of the areaof the standardnormal curve lies beyond ± 1.96
standarddeviationsof the mean.

Table2 showsthe proportionfor DI 1 andRH > 97%
is slightly lessthan for DI =. 2 andRH > 97%.Testingreveals
that this differenceis insignificant:If Pm is the proportion for
DI = 1 and P2 is the proportionfor DI = 2, then p1 = (254/
1760) or about 0.1443; P2 = (231/1563) or about 0.1478;

= 1,760; n2 = 1,563; the quantity under the squareroot
sign is about0.0001507; andthe confidenceinterval is
(0.1443—0.1478)or 0.0035 ±0.02406for a 5% confidence
test.Sincetheconfidenceintervalincludeszero,thehypotheses
of significantdifferencebetweenthetwo proportionsis rejected.
Accordingly, the highestrisk class, LYORI = 10, includes
both Dl 1 andDI = 2 whenRH> 97%.

A secondexampleillustratesacceptanceof a significantdif-
ferencehypothesisand is usedto limit theRH andDI rangeof
thehighestrisk LVORI class.Thenext two highestproportions
occur for DI = 3 or 4 and DI = 5 or 6 when RH > 97%.
Whengroupedtogetherandcomparedto DI 1 or 2 when
RH > 97%. p~ becomes0.1460; P2 becomes0.1071; n1 is

Table 2. Proportion of Fog and/or Smoke Mentions in
Accident Reports by Relative Humidity and Dispersion
Index (Selected Cases—see Figure 1 for Full Range)

Relative
Humidity

Dispersion
Index

Number of
Accidents
w/ F or K

Total
Accidents

Proportion
Accidents

> 97% 1 254 1760 .1443
> 97% 2 231 1563 .1478
>97% 3or4 187 1842 .1015
>97% 5or6 176 1548 .1137

Interpretation
Very Good



NationalWeatherDigest

>40 3,323; n2 is 3,390; the quantity underthe squareroot sign is

31-40 - 0.00006572;and the confidenceinterval is (0.1460—0.1071)
or0.0389±0.01589.Thisconfidenceintervaldoesnotinclude
zero,thereforeconfidencethat thedifferencebetweenthepro-

21-25 portionsis real is at least95%.
Many suchtestsand “countertests”wereused to develop

1720 10 distinctcategoriesof risk for LVORI. The confidencetests
13-16 are dependenton the total numberof accidentsas shown in

Table2, which definesn1 and n2. Keeping the categoriesas
~ 11-12 contiguouslyshapedas practical and eliminating scatterby

careful choicesin grouping categoriesof RH and DI was a
910 priority. Marginal casesweredecidedby the behaviorof RH

and DI totalsbecausethey providedlargerandmore reliable7-8
valuesof n1 and n2 from which to drawstatisticalinferences.
TheresultantgroupingsyieldedtheLow Visibility Occurrence

3-4 Risk Index, which is presentedas a function of RH andDI in
Table3.

2
________________ d. Interpretation ofLVORI values

~ ThetophalfofTable3presentsLVORlvaluesasafunction
of relativehumidity andDispersionIndex.The bottom halfof
Table3 gives an interpretationof the 10 categoriesof LVORI,
with risk rangingfrom lowest(LVORI = 1) to highest(LVORI

Fig. 1. Frequencyof smoke/fogaccidentsvs. relativehumidity and = 10) class.As the tableshows,risk picks up graduallyand
dispersionindex. smoothlyas DI goesdown and RH goesup; the highestrisk

Table 3. LOW VISIBILITY OCCURRENCE RISK INDEX as a function of relative humidity and Dispersion Index (Based on
the proportion of accidents with fog and/or smoke, as reported by the Florida Highway Patrol, 1979—1981), after Lavdas
and Hauck (1991)

DISPERSION INDEX

1- 2- 3- 5- 7- 9- 11- 13- 17- 26- 31-
1 2 4 6 8 10 12 16 25 30 40 40

R.H.
<55 2 2 2 2 2 2 2 2 2 2 1 1

55—59 3 3 3 3 3 2 2 2 2 2 1 1
60—64 3 3 3 3 3 3 2 2 2 2 1 1
65—69 4 3 3 3 3 3 3 3 3 3 3 1
70—74 4 3 3 3 3 3 3 3 3 3 3 3

75—79 4 4 4 4 4 4 4 4 3 3 3 3
80—82 6 5 5 4 4 4 4 4 3 3 3 3
83—85 6 5 5 5 4 4 4 4 4 4 4 4
86—88 6 6 6 5 5 5 5 4 4 4 4 4
89—91 7 7 6 6 5 5 5 5 4 4 4 4
92—94 8 7 6 6 6 6 5 5 5 4 4 4
95—97 9 8 8 7 6 6 6 5 5 4 4 4
>97 10 10 9 9 8 8 7 5 5 4 4 4
Key to 10 point scaleof proportionsof smokeand/orfog accidents:

1—Lowestproportionof accidentswith smokeand/orfog reported(130 of 127,604accidents,or just over0.0010accidents)
2—Physicalor statisticalreasonsfor not includingin category1, but proportionof accidentsnot significantly higher
3—Higherproportion of accidentsthancategory1, by about30 to 50 percent, marginalsignificance (between1 and 5 percent)
4—Significantly higherthan category1, by abouta factor of 2
5—Significantly higherthan category1, by a factor of 3 to 10
6—Significantlyhigher thancategory 1, by a factor of 10 to 20
7—Significantlyhigher thancategory1, by a factor of 20 to 40
8—Significantlyhigherthan category1, by a factor of 40 to 75
9—Significantlyhigherthan category1, by a factor of 75 to 125

10—Significantlyhigherthan category1, by abouta factor of 150
Note: The overallnumberof accidentswith fog and/orsmokereportedis 3,235out of a total of 433,649accidentreportsanalyzed.Of these,604
includedsmoke, 2,972 includedfog, and341 included both.
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is associatedwith a combinationof low DI values and high
RH values.Thegreatestjumpwith increasedRH is two LVORI
classes;withdecreasedDI, thegreatestjumpis alsotwo LVORI
classes.When an increasein RH and a decreasein Dl are
combined,the greatestjump is threeclasses(from LVORI =

6 for RH = 97% andDI = 7, to LVORI = 9 for RH = 98%
andDI = 6).

Table3 indicatesthat the risk of smokeand fog reportsat
an accidentsite increaseswhenRH =80%,especiallyfor very
low Dl values.Risk is highestfor saturatedconditions,(RH >
97%andDI = I or2), however,risk remainshighfor saturated
RH with DI valuesup to 12.

An important distinction between Dl and LVORI exists.
DispersionIndex representsa physical quantityand is a real,
positive number with no upper bound. On the other hand,
LVORI is an indicatoronly of relativerisk, andshouldnotbe
usedasa hardestimateof absoluterisk of hazardousvisibility.

e. LVORI seasonaland diurnal ~‘ariations

During fair weather,daytimewarming influencesthreefac-
tors that increaseDl. Surface-basedwarmingproducesa more
unstablemixing layer. The warming also producesa deeper
mixing layer, anda deepermixing layerusuallyhasa greater
transportwindspeed.At night, a surfaceinversion(stablecondi-
tions), with no thermallydefinedmixing heightandlow surface
windspeedsresults in low DI values. The DI tends to track
with temperatureduring the courseof a day, while RH tends
to track inverselywith temperature.Therefore,LVORI, which
increaseswith decreasingDl and with increasingRH, has an
inverserelationshipto the diurnal temperaturecurve.On a fair
day, low valuesof LVORI are usual in early afternoonwith
high valuesthe following night and early morning (Lavdas
and Hauck 1991). Figures 2 and 3 show annual anddiurnal
frequenciesof favorable LVORI values (LVORI ~ 3) and

unfavorablevalues (LVORI > 7) observedin Florida from
1979 to 1981.

In Fig. 2, LVORI values~ 3 arecommonplacein the after-
noon(18 and 21 Z) when frequenciesrangefrom about0.85 in
Decemberto about0.95 in June.The effectof theannualcycle
of day length is apparentin the 15Z and 00Z curves,while
minimumfrequenciesareobservedin latenightandearlymorn-
ing, between06 and I 2Z. Valuesof LVORI ~ 3 are rare
between03Z and I 2Z, especiallyin latesummer.In Fig.3, the
frequencyof LVORI values=7 is highestlateat night (usually
09Z,but sometimesI 2Z in the winter)with thepeaknighttime
frequenciesoccurringin August.Daytimefrequenciesare gen-
erally less than 0.05 with the lowest frequenciesoccurring in
spring andearly summer.

TheLVORI is anotherclimatologicaltool thatlandmanagers
can use to evaluatesmoke-relatedvisibility hazards.The pre-
scribed burner can use LVORI to determinethe degreeof
relative risk in conducting a prescribedfire, and, given the
clim~tology of thearea,howmuchrisk isjustified. Forexample,
since(Fig. 3) themaximumfrequencyof LVORI = 7 is about
0.50, a fire managermay decidethat a LVORI of 8 constitutes
unjustifiedrisk for unattended,smolderingsmokesourcesafter
a burn.Also, sinceLVORI ~ 3 is uniformly attainableduring
day according to Fig. 2, a decision to require such values
during active burning would havea relativelyminimal effect
on burning operations.

Finally, LVORI frequenciesarehighly variablewith respect
to location.Low Visibility OccurrenceRisk Index frequencies
in other states will vary considerablyfrom those in Florida.
Within Florida, northernandinland locationsexperiencemany
moreobservationsof LVORI = 7 than coastaland southern
locations.Figure 4 showsa maximumfrequencyatTallahassee
anda minimumfrequencyat Key West. Considerablevariation
from Figs. 2 and3 would resultif figuresfor individual stations
within the statewere plotted.

45
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Fig. 2. Frequency of low risk LVORI (~3) by month andby hour
(UTC).

Fig. 3. Frequencyof high risk LVORI (=7)by monthand by hour
(UTC).



30 NationalWeatherDigest

Fig. 4. Numberof observations(out of 8,768)with LVORI = 7.

3. Comparing LVORI with National Weather Service
Observations of Low Visibility

Table 4 directly comparesLVORI and frequencyof ~WS
low visibility reports(5 I mi and~ 1/4mi) at NationalWeather
Servicestationsin Florida during the 1979—1981period.The
frequencyof NWS low visibility reportsincreaseswith increas-
ing LVORI class,being at or nearzero for LVORI S 3, but
increasingto just over9% (~ 1/4 mi) and over 16% (~ I mi)
for LVORI = 10. Low visibility in Florida is a ratherrare
event. Only 619 of 96,522 (3 hourly) observationsreported
visibility = 1/4 mi, while 1,529 (3 hourly) observationsgave
a visibility is I mi. With 11 stationsreporting overa 3-year
period, annualobservationsof visibility 5 1/4 mi averaged19
while those= 1 mi averaged46.

Low visibilities are mostcommonin thenorthernpart of the
state—thethreepanhandlestations(PNS,AQQ, andTLH) as
well as lAX averagedabout 100 occurrencesof visibility
_ 1/4 mi (of 8,776 possible)over the 3-yearperiod. In the
centralpart of the state(DAB, MCO andTPA), about50 such
occurrenceswerereported;EMY in thesouthwesternpeninsula
reportedapproximately25 occurrences.The threestationsclos-
est to the Gulf Stream(PBI, MIA, andEYW) rarely reported

low visibility, with 10 observationsat mostin the3-yearperiod.
Visibility ~ I mi is 2 to 3 timesmore frequentthan visibility
5 1/4 mi, but the geographicpatternof 1 mi occurrencesis
similar to the 1/4 mi occurrenceswithin thestate.Thedistribu-
tion of low visibility in Florida is importantwhenevaluating
LVORI and low visibility frequenciesbecausewide geographic
variationsare encounteredwithin the state.A mental picture
of thesevariationsmay begleanedfrom Fig. 4. Low visibility
frequenciesat somelocationscandiffer greatly from the state-
wide valueswhich are given in Table 4.

4. Explaining the Disparity between NWS and
IVORI Observations

a. Natureof the disparity

Figure 5 shows how NWS observationsof low visibility
vary with relativehumidity andDispersionIndex. Thereis the
expectedincreaseof relativefrequenciesof low visibility with
relativehumidity.However, theweak relationshipwith DI was
unexpected(comparewith Fig. 1). To helpexplainthe underly-
ing causesfor the disparity, Fig. 6 was constructedto show
howNWS low visibility observationsandLVORI low visibility
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Table 4. Frequency of low visibility reports (1/4 mile or less and 1 mile or less) vs.
stations in Florida 1979—1 981

LVORI for National Weather Service

# Low Vis. # Low Vis. # Total Obs. Frequency Frequency
LVORI (1/4 mile) (1 mile) w/ Vis. (1/4 mile) (1 mile)

1 3 7 18008 .0002 .0004
2 0 3 7318 .0000 .0004
3 0 13 21932 .0000 .0006
4 9 89 14209 .0006 .0063
5 34 200 10385 .0033 .0193
6 76 212 11034 .0069 .0192
7 53 151 4997 .0106 .0302
8 115 263 4310 .0267 .0610
9 184 330 2726 .0675 .1211

10 145 261 1603 .0905 .1628
Total 619 1529 96522 .0064 .0158

observationsfor all relative humiditiesvary with DI. Forease
of interpretation,both setsof relativefrequencieswerenormal-
ized by their respectivevaluesat DI = 1. The resultsconfirm
two conclusionsregardingFigs. I and5: (1) The relativefre-
quenciesof low visibilities causedby fog and/or smoke as
observedat NWS sitesin Florida are mostly independentof
Dl for Dl < 12, and (2) low visibilities observedat accident
sitesdecline for increasingDI.

b. Meteorologicalexplanation
To find the underlyingmeteorologicalreasonsfor thediffer-

encesbetweenFigs. 1 and5, the NWS low visibility reports
were stratified by wind speed.Theseresults,orderedby DI,
are shown in Table 5. The most significant finding for this
study is the declinein the numberof observationsfor eachDI
category.For Dl = 5—6, the numberof observationsdrops
from 9,645to 1,417 whenwind speed< 5 kts, and to 83 for
nearcalm conditions.The numberof observationsfor DI = 1
remainsessentiallyunchanged.Theseresultsleadto theconclu-
sionthat DI isstronglydependenton wind speedwhenDI < 20.

If DI were replacedby wind speedin Fig. 6, theNWS and
LVORI curveswould remainessentiallyunchanged.TheNWS

x
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visibility reportsremainrelatively independentof wind speed
for DI < 12, while thevisibility reportsassociatedwith LVORI
are critically dependentuponvery light wind speeds(Dl <3).

The meteorologicalexplanationfor the differencebetween
the NWS visibility observationsandLVORI is basedon the
two commontypes of fog: advectionfog andradiation fog.
Figure 7, a schematicshowingthe relativefrequenciesof fog
and smokeas a function of wind speed,depictsthe fact that
advectionfogs are much less dependenton wind speedthan
radiationfogs. Radiationfog occursonly undernear-calmcon-
ditions. Indeedthereexistsa wind speedthresholdabovewhich
radiation fog will not form. Therefore,the authors conclude
that fogsreportedin the Florida Highway Patrol accidentsite
reportsassociatedwith theformulation of LVORI are predomi-
nantly radiationfog events.

Fig. 6. Normalizedrelativefrequenciesof NWS observations of low
visibility andLVORI.
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Fig. 5. Frequencyof low visibility reports vs. relative humidity and
dispersionindex.
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Table 5. Low Visibility (1 mile or less) vs. Dispersion
Index, Stratified by Windspeed and Compared to the
LVORI Data Base

WIND SPEED CATEGORY (knots)
Dispersion

Index All <5 Calm LVORI
1 219 218 214 806
1 8171 8168 7979 17077
1 .0268 .0267 .0268 .0472

2 225 225 135 710
2 8895 8895 1135 24136
2 .0253 .0253 .1189 .0294

3—4 218 179 21 579
3—4 12008 3424 286 38751
3—4 .0182 .0523 .0734 .0149

5—6 260 86 8 408
5—6 9645 1417 83 32287
5—6 .0270 .0607 .0964 .0126

7—8 157 18 1 183
7—8 6215 333 59 23893
7—8 .0253 .0541 .0169 .0077

9—10 133 10 0 121
9—10 3927 215 50 17029
9—10 .0339 .0465 .0000 .0071
11—12 74 4 0 60
11—12 3578 202 50 14351
11—12 .0207 .0198 .0000 .0042
13—16 87 5 1 53
13—16 6601 452 80 24608
13—16 .0132 .0111 .0125 .0022
17—20 40 4 1 32
17—20 4098 457 53 18458
17—20 .0098 .0088 .0189 .0017

21—25 37 1 0 35
21—25 3990 478 56 20960
21—25 .0093 .0021 .0000 .0017

26—30 30 2 1 38
26—30 3755 330 37 22612
26—30 .0080 .0061 .0270 .0017

31—40 24 0 0 76
31—40 8717 403 34 58394
31—40 .0028 .0000 .0000 .0013

>40 28 0 0 134
>40
>40

16928
.0017

339
.0000

20
.0000

1~1093
.0011

Total 1532 752 382 3235
Total 96528 25113 9922 433649
Total .0159 .0299 .0385 .0075

Table Key: Row 1 of eachDispersion Index—# Low Vis. Cases:Row
2 of eachDispersionlndex—#Observations; Row3 of eachDispersion-

Index—FrequencyLow Vis.

c. Driver responseexplanation
Accident sitefogs are primarily radiationfogsbecausedriv-

ers may responddifferently to the two typesof fog: radiation
fog and advectionfog. Drivers in advectionfog adjustspeed
accordingto visibility and proceedwith confidencethat condi-
tions down the road will remain unchanged.Radiationfog, a
more local phenomenon,tends to occur around open fields
or streamcuts in shallow depressions.Visibilities canchange

Fig. 7. Schematicshowingrelativefrequenciesof advectionfogand
radiation fog as partsof total numberof NWS fog observationsin
Florida 1979—1981.

suddenlyfrom nearperfectto nearzero.Driver responsescan
range from “continuing on blindly” to “slamming on the
brakes”andoftenresultin accidents,manyof which are multi-
ple carpileups.

5. Concluding Remarks

Developinga weatherindex,LVORI, that identifies levels
of visibility hazardandspecifically addressesthe risk of those
fogs most associatedwith automobile accidentsis a major
accomplishmentof this study. Further verification of LVORI
with independentdatawill broadengeographicand public
safetyapplicationsfor this new index.The indexcouldbe used
to help define a thresholdfor smoke and fog as an accident
factor. With that threshold,moreeffective devicesmight be
developedto warnof low visibility obstructionon highways,
especiallyin the mostsmoke and fog prone areas.
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